Technology transfer processes can be technology-push or demand-pull. Whilst technology-push approaches have been dominating the field of study, we pay attention on demand-pull technology transfer. In this study, we review technology transfer literature, and try to explore important factors for demand-pull technology transfer. We argue that firms' capabilities for articulating their technological needs are important for demand-pull technology transfer. For this argument, we carry out a preliminary study to examine the influence of the quality of needs-articulation and some other factors on the success of demand-based technology transfer. We collected 61 cases of demand-led technology transfer from National Tech-Bank(NTB) website. The quality of needs-articulation and other factors were evaluated by experts who actually had processed the technology transfer cases in the NTB's program. Using the data, we performed a logistic regression analysis. The result shows that the quality of needs-articulation has positive influence on successful demand-led technology transfer. It means that firms must clearly know, and must be able to clearly explain what technologies they are in need of. In addition, user's technological capabilities and supplier's openness were also significant factors. High p-value of technological capability is in particular an interesting result. It implies that user firms with high technological capabilities are likely to succeed in demand-pull technology transfer, which is against our prior belief that firms are eager for technology transfer because they are lacking capabilities. We suppose the possibility that user's technological capability may have influence on the quality of needs-articulation, resulting in successful technology transfer. This may imply that high technological capabilities work as absorptive capacity.
Background
During the period of rapid economic development, Korean firms, research organizations, and universities have elevated their technological capabilities with ever-increasing R&D investment. Due to the investment, the overall level of technological capabilities has rapidly improved, and the stock of knowledge and technology has shown a dramatic increase. Gross expenditure on R&D (GERD) of Korea increased from 21.3 billion USD in 2000 to 72.8 billion USD in 2014 † , and the number of patent shows a consistent increase from 132,385 in 2000 to 183,399 in 2013 ‡ .
However, there are claims that the performance of Korea in terms of technology commercialization has been unsatisfactory considering the massive investment in R&D. Korean public research institutes retained about 190,000 technologies, but 154,000 among them were 'sleeping' without being used [1] . The success ratio of national R&D support programs for SMEs were 96%, but commercialization rate remained at 47.2% [2] . Moreover, Korea has recently seen the economic recession and there are increasing pressures on government budget, and these make policy makers and administrators turn their eyes to efficiency and efficacy of R&D rather than quantitative growth.
In line with the trend, the Korean government has put emphasis on improving technology transfer and commercialization, and researchers and practitioners in the field of technology management have also paid huge attention on the topic. More recently, there are some attempts to promote technology transfer from the demand-pull perspective. Then what are the factors of demand-pull technology transfer, what is more critical? This study aims to examine what influences on the success and failure of demand-pull technology transfer.
Technology Transfer
The term technology transfer has been frequently used together with another term technology commercialization, and for this reason the former has sometimes been understood as a sub-part of the latter.
Mitchell and Singh [3] defined technology commercialization as "the process of acquiring ideas, augmenting them with complementary knowledge, developing and manufacturing saleable goods, and selling the goods in market." According to Kumar and Jain [4] , technology commercialization involves upscaling and providing technology, designing and fabricating plant and equipment, optimizing products for market needs, and developing markets. In general, commercialization means the activities that bringing ideas, knowledge, or technology into markets, without necessarily specifying who does the activities.
Technology transfer can be defined in a similar but a little different way. Autio and Laamanen [5] define technology transfer as "intentional and goal-oriented interaction between two or more social entities, during which the pool of technological knowledge remains stable or increases through the transfer of one or more components of technology." More specifically, technology transfer is "movement of know-how, skills, technical knowledge or technology from one organizational setting to another." [6] Therefore, the notion of technology transfer involves different entities or organizations, whilst technology commercialization focuses on the process from technology or knowledge to market place without necessarily involving different entities or organizations.
A number of studies have explored the factors influencing the success of technology transfer. Majority of the literature agrees that there are user factors as well as supplier factors, and communication between users and suppliers. Saavedra & Bozeman [7] found that technological role of research labs and industry, their marketplace understanding, their capabilities influence the performance of technology transfer. Ship et al. [8] draw factors such as lab management, supervisors' support and leadership, TLO's capabilities, R&D capabilities, etc. Hyun & Oh [9] suggested communication, commitment, complementarity between suppliers and users. Lee [10] argued that the manager of user firm's support and will, user firm's financial capability, supplier's experience of technology transfer, relatedness of new technology with existing one, appropriability, etc. Lim et al [11] analyzed success factors from the angles of user, supplier, technology, and transfer process. Other than these, there is a huge list of factors suggested by a large number of studies.
Demand-Pull Technology Transfer
Technology transfer processes can be technology-push or demand-pull. Among these, technology-push approaches have been dominating the field of study. For instance, Siegel et al [12] examined the impact of organizational practices of universities' technology transfer offices on technology transfer. O'Shea et al. [13] found that some organizational characteristics of suppliers (e.g. universities) such as history dependence, faculty quality, size, orientation of funding, and commercial capabilities were the success factors for university technology transfer and spinoff. Yang and Kim [14] explored the factors causing difficulties of technology suppliers in transferring their technologies to other organizations. Han [15] , Ok and Kim [16] , and others focused attention on the technology transfer efficiency of technology suppliers. Main variables used in this line of research were mostly about suppliers such as number of staff in TLO, R&D budget, TLO budget, researchers' capability, university's will, reward system, and etc.
Whilst majority of literature concerned with supplier side, there are some studies focusing on demand side of technology transfer. The studies differentiate themselves from technology-push studies by emphasizing the needs and demand of technology users. Among them, Seok et al [17] and Seo et al [18] suggested a method for exploring users of technology for successful technology transfer, arguing that user needs and potential users are critical for successful technology transfer. However, what they suggested was that suppliers should approach to users to transfer their technologies, and therefore they still relied on technology-push perspective. Some other studies pay more attention on the active role of users. According to them, 'demand-pull' means that users express their technological needs (and/or demand) first, and try to source technology. In this sense, demandpull view is different from the traditional perspectives. Hwang and Chung [19] studied a case of a research institute, and concluded that user-led (or demand-pull) technology transfer is more effective than technologypush. Jang et al. [20] suggested adoption of innovation voucher to promote user-led (demand-pull) technology transfer.
Along with this trend, public and private organizations for supporting R&D and innovation started to implement the idea of user-led (demand-pull) technology transfer. Korea Technology Finance Corporation (KIBO) developed a system to identify keyword of user needs and match it with suppliers' technology(tb.kibo.or.kr). KIBO recently applied for a patent for the algorithm of the process. Korea Institute for Advancement of Technology (KIAT) opened a demand-pull technology transfer service at National Tech-Bank(NTB) site (www.ntb.kr).
Demand-Pull Technology Transfer by NTB
NTB's demand-pull technology transfer service starts from listening to the users' needs. Potential users access to NTB's website, and submit application for technology transfer. In the application form, they explain what sort of technologies, functionalities, standards, and/or requirements they want. If their descriptions of needs are clear, NTB system matches their needs with a specific technology or a supplier via simple matching process. However, technology needs cannot always be clear and accurate. Users' descriptions may be obscure, confusing, or inaccurate, and users sometimes do not know what exactly they want. In these cases, consultants are assigned for the matching process, and they provide expert consulting services. Among the applications, about 115 cases were matched with technologies from universities or public research institutes. The success ratio is still not high (9.1%), but it may increase as some cases are still under process. Among the 1,270 cases, 657 cases (51.7%) went through consulting process, 613 cases through simple matching process. The success ratio of these two processes are different. While the success ratio of consulting process was 13.7%, simple matching process was only 4.1%. Therefore, it seems that utilizing consultants yields better technology transfer performance. Table 2 shows number of technology transfer cases via NTB by technology fields. Out of 1,270 applications, 244 were machinery, 175 were materials, and 125 were electric and electronic technologies. These fields can be understood as the most demanded technology fields, but success ratio were only 10.7% for machinery, 5.7% for materials, and 7.2% for electric and electronic technologies. Communications, environment, Construction & Transport, Aerospace, and Information were a little less demanded, but the success ratio were higher, reaching at 22.7%, 14.8%, 14.6%, 12.9%, and 12.3% respectively. Therefore, it seems necessary to increase success ratio in the demanded technology fields. Table 3 shows the number of cases and success ratio by consultants. Whilst some consultants accepted a huge number of cases, some others have accepted only few cases. Consultant 1 and 2 accepted 151 and 135 cases respectively, but only 1 to 3 cases were allocated to consultants 21, 22, and 23. In addition, there is a huge difference in success ratio. Consultants 5, 6, 8, 15, and 19 completed 35.3%, 83.3%, 50%, 28.6%, and 100%. Contrarily, consultant 1 completed only 6 cases out of 151, consultant 3 made only 1 success out of 93. 
Needs-Articulation by Users
The above data analysis provides us some implications for demand-pull technology transfer of NTB. First, the success of matching between user needs and suppliers' technologies may depend on individual consultants' capabilities. Second, the amount and quality of technology information held or managed by a consultant may also be an important factor for demand-pull technology transfer. Third, how well user needs are explained and how easily a consultant can understand them may also be important factors. Among these three points, we pay attention on the last one, leaving consultants' capabilities and information aside. Consultants who work for a government funded program such as NTB usually have enough capabilities for consulting firms and enough technological information. For this reason, we expect that how well user-needs are expressed and understood is a critical factor for the success of demand-pull technology transfer.
In order to examine the influence of needs-articulation on the success or failure of demand-pull technology transfer, we design a preliminary analysis and performed a logistic regression.
As we reviewed in the section 2, there can be a huge list of factors influencing the success of technology transfer, and these factors were summarized by Battistella et al. [21] . They reviewed previous literature on technology transfer, and built a framework for technology/knowledge transfer. Their framework [21] consists of six categories including (1) properties and characteristics of the source, (2) properties and characteristics of the recipient, (3) characteristics of the relationship, (4) properties and characteristics of the object, (5) choice of channels and mechanisms, and (6) characteristics of the context. Among these factors, characteristics of the relationship, choice of channels and mechanisms, and characteristics of the context are controlled by the intermediary (e.g. NTB platform or NTB's consultants). Then the remaining factors are properties and characteristics of the source, recipient, and the object.
In the demand-pull technology transfer, objects usually initially do not exist when user needs are just expressed. There can be objects only after a specific technology emerge as a candidate for technology transfer. Whilst in technology-push process users and suppliers talk about a specific technology (object), in demand-pull technology transfer processes they discuss and negotiate only around user-needs. Then in this study, 'expressed needs of users' must be examined instead of properties of objects. Therefore, we identify three major factors for demand-pull technology transfer; (1) quality of needs-articulation, (2) characteristics of user, and (3) characteristics of supplier.
To measure the factors, we utilize Battistella et al's study [21] . According to them, repositories, nature, codifiability, contextuality, complexity, speed of change, and uncertainty are critical aspects of properties and characteristics of the object. Modifying the aspects, we assume that quality of needs-articulation can be measured by whether the field, type, codifiability, background (or context), functions, and requirements are well documented or explained. Accordingly, the quality of needs-articulation was measured by the 6 items.
For the characteristics of user and supplier, we consider the level of technological capabilities, organizational capabilities, and the firms' openness, following Battistella et al.'s critical aspects of the properties and characteristics of source and recipient. These items were evaluated by the consultants, and each individual item was used as independent variables for this preliminary study.
Additionally, we included the type of technology as an independent variable just for the purpose of exploration. The technologies demanded by users may be product technologies or process technologies. Product technologies were coded 1 and process technologies were coded 2. The variables--quality of needs-articulation, characteristics of user and supplier were evaluated by consultants who actually processed the transfer case using likert scale. We selected only 2 consultants out of 26, as it is only preliminary study. Out of 1,270 cases, they evaluated 61 (including 24 success and 37) cases using likert-scale. Success and failure cases were coded as 1 or 2, and for this reason we used logistic regression to test whether the quality of needs-articulation has influence on the success or failure.
As quality of needs articulation was measured by 6 items, we examined the reliability of the 6 items. Cronbach α is .955, and this result confirms that the measurement was reliable. Then we performed a logistic regression analysis. The Table 4 shows a summary of the result. Nagelkerke R square was .767, and Hosmer and Lemeshow test result was .944. These result indicate the model fits the data very well. The result of logistic regression is displayed in the table below. Among the variables, Quality of needsarticulation was a significant factor for the success of demand-pull technology transfer (p=0.011). Additionally, Supplier's openness was significant at 0.05 level (p=0.039) and User's technological capabilities was also significant at 0.1 level (p=0.096). The result confirms that quality of needs-articulation, user's technological capability, and supplier's openness have positive influences on the success of demand-based technology transfer. The high p-value of user's technological capability in particular is surprising. Our prior belief was that users are eager for technology transfer because they do not have high technological capabilities. Contrarily, the result implies that firms with high technological capabilities can actually succeed in demand-pull technology transfer. From this result, we suppose that high technological capabilities of users may result in high quality of needsarticulation. In other words, if a user firm has a high level of technological capabilities, it probably knows exactly what it needs and what are required for its products. For this reason, the user firm can clearly describe what they need from technology transfer, resulting in high quality of needs-articulation. As quality of needsarticulation is positively correlated with the success of technology transfer, user's technological capability may be understood as a kind of 'absorptive capacity [22] .'
Conclusion
The purpose of this study was to perform a preliminary examination on the factors influencing the success and failure of demand-pull technology transfer. In carrying out this study, we reviewed literature on technology transfer, and found that there has been only little attention on demand-side of technology transfer. Then, NTB's program for demand-pull technology transfer was introduced. By a rough evaluation of the program, we narrowed down our focus to users' needs-articulation for successful demand-pull technology transfer. Our view was that firms' capabilities for articulating their technological needs are important for demand-pull technology transfer. To confirm our view, we carried out a study to examine the influence of the quality of needsarticulation on the success of demand-based technology transfer. We identified quality of needs-articulation; technological capabilities, organizational capabilities, and openness of user; and those of suppliers as independent variables. These variables were measured by consultants' evaluation using likert-scale.
The result shows that the quality of needs-articulation has a positive influence on successful demand-led technology transfer. It means that firms must clearly know, and must be able to clearly explain what technology they need. And also, intermediaries must put efforts to draw clear needs from technology users.
In addition, user's technological capabilities and supplier's openness were also found to be significant factors for demand-pull technology transfer. High p-value of technological capability in particular is an interesting result. Whilst it is general to think that users are eager for technology transfer because they do not have high technological capabilities, the result implies that firms with high technological capabilities are likely to succeed in demand-pull technology transfer. We suppose the possibility that user's technological capability may have influence on the quality of needs-articulation, resulting in successful technology transfer. This may imply that high technological capabilities can work as absorptive capacity.
There are some limitations of this study. First, Only 2 out of over 20 consultants participated in our study, and the number of cases were only 61 out of 1,270. Therefore, there must be a larger-scale research in a near future. Second, some contextual and behavioral factors were missing. For instance, suppliers and users negotiate over some conditions of technology transfer (e.g. price, license fee, etc.). Technological uncertainty or the length of technology life cycle can also be important factors for technology transfer. Future studies should consider those factors missing in this study. Third, as the implications of our study may be limited only to NTB's case, there must be other studies using different data sets.
